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(54) VACUUM CHAMBER MADE OF ALUMINUM OR ITS ALLOY, AND SURFACE TREATMENT AND 
MATERIAL FOR THE VACUUM CHAMBER 



(57) The present invention relates to a vacuum 
chamber and chamber parts made of aluminum or its 
alloys which exhibit excellent corrosion resistance to a 
corrosive gas or plasma introduced into the vacuum 
chamber, the surface treatment, and material for the 
vacuum chamber. The vacuum chamber has a porous 
layer with a structure in which a pore diameter at the top 
thereof is small, while a pore diameter at the bottom 
thereof is large. In order to give such a structure to the 
porous layer, a final anodizing voltage is set to be higher 
than an initial anodizing voltage when the surface of the 
base material is anodized. After the porous-type anodiz- 
ing is completed, non-porous type anodizing may be 
conducted so as to grow a barrier layer. Furthermore, 
the base material made of aluminum alloy preferably 
has particles such as precipitates and/or deposits with a 
diameter of 10 nm or less in average, and the precipi- 
tates and/or deposits are arranged in parallel with a 
largest surface of the base material. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a vacuum chamber and chamber parts made of aluminum or its alloys used for a 

chemical vapor deposition device, a physical vapor deposition device, a dry etching device, and the like. The vacuum 
chamber and chamber parts exhibit excellent corrosion resistance to a corrosive gas or plasma introduced into the 
chamber. The present invention also relates to a surface treatment and material for the vacuum chamber and chamber 
parts. 

70 

BACKGROUND OF THE INVENTION 

A vacuum chamber and chamber parts used for a chemical vapor deposition device, a physical vapor deposition 
device, a dry etching device, and the like are required to have corrosion resistance to a corrosive gas (hereinafter, 
75 referred to as gas corrosion resistance or resistance to gas corrosion), because a corrosive gas containing halogen ele- 
ments such as chlorine, fluorine, bromine and the like are introduced into the chamber as a reactive gas, an etching 
gas, and a cleaning gas. In addition to the corrosive gas introduction, halogen-based plasma is generated in the cham- 
ber in many cases. Therefore, the vacuum chamber and chamber parts are also required to have corrosion resistance 
to plasma (hereinafter, referred to as plasma resistance). 
20 To satisfy such requirements, conventionally, a vacuum chamber has been mainly made of stainless steel. How- 
ever, a vacuum chamber made of stainless steel is heavy in weight, and therefore, requires large-scale foundation to 
construct on which it is installed. In addition, a vacuum chamber made of stainless steel does not have sufficient ther- 
: mal conductivity, and therefore, much time is required for baking operation. There is also a problem that heavy metal 
such as chromium and nickel, which is alloy component of stainless steel, is released into the atmosphere during oper- 
as ation, resulting in spoiling the products treated in the vacuum chamber Under such circumstances, studies have been 
conducted to develop a vacuum chamber and chamber parts made of aluminum or its alloy which is lighter in weight 
than those made of stainless steel and is excellent in thermal conductivity without problem heavy metal contamination. 

However, without being subjected to surface treatment, a surface of aluminum or its alloy is not always excellent in 
resistance to gas corrosion and plasma. To give resistance to gas corrosion and plasma, any surface treatment is nec- 
30 essary. For this purpose, various studies have been conducted. For example, Japanese Patent Publication No. 5-53870 
discloses a vacuum chamber which uses aluminum or its alloy whose surface is anodized to form an anodic oxide coat- 
ing, thereby increasing gas corrosion resistance. However, no prior art, including the invention disclosed in Japanese 
Examined Patent Publication No. 5-53870, provides an anodic oxide coating which sufficiently serves as a protective 
coating against a corrosive gas and plasma. If an anodic oxide coating or a base material is corroded and damaged, 
35 products by the corrosion come out therefrom in a particle form. If a vacuum chamber or chamber part having such a 
coating layer or a base material is used in, lor example, a semiconductor manufacturing, defective products may be pro- 
duced. Accordingly, there has been a demand for improvement. 

Japanese Patent publication No. 5-53871 discloses that an ion plating method is employed to form a coating (made 
of, for example, TiN, TiC, and the like) excellent in corrosion resistance on the surface of a vacuum chamber made of 
40 aluminum or its alloy However, if the coating is formed by the vapor phase synthesis method such as ion plating, prob- 
lems arise that the obtained coating has small density and high cost is required for treatment. Japanese Patent Publi- 
cation No. 5-53872 discloses an ion-implantation method. This method, however, is not adequate for treating a vacuum 
chamber or chamber part with a complicated form, and in addition, requires high cost for treatment as well as an ion 
plating method. 

45 The present invention has been conducted to solve the above-described problems, and the first objective thereof 
is to provide a vacuum chamber or chamber part made of aluminum or its alloys excellent in resistance to gas corrosion 
and plasma by an economical anodizing method. 

The second objective of the present invention is to provide a method for treating a surface the vacuum chamber 
and chamber parts. 

so The third objective of the present invention is to provide material used for producing the vacuum chamber and 
chamber parts. 

SUMMARY OF THE INVENTION 

55 To achieve the first objective, the present invention is directed to a vacuum chamber made of aluminum or its alloys 
comprising an anodic oxide coating including a porous layer having a number of pores and a barrier layer without pores 
(see FIG.1 and FIG. 2). Each of pores has an opening on a surface, and its diameter is smaller at the top of the porous 
layer than at a bottom thereof. The thickness of the barrier layer is determined in accordance with a pore diameter in 
the porous layer which is formed immediately above the barrier layer. A barrier layer also can be formed by non-porous 
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type anodizing as will be described later. 

As described above, a pore diameter is smaller at the top of the porous layer than at a bottom thereof. The pores 
in the porous layer may have a section where its diameter continuously or discontinuously changes in a depth direction, 
or may have a section where its diameter remains constant in a depth direction. 

5 When the anodic oxide coating contains two or more elements selected from the group consisting of carbon, sulfur, 

nitrogen, phosphorus, fluorine and boron, further corrosion resistance can be achieved. 

Aluminum or its alloys used for producing a base material of the vacuum chamber or chamber part is produced in 
such a texture that particles such as precipitates and/or deposits contained therein have a diameter of 1 0 \irr\ or less in 
average or are arranged in parallel with the largest surface of the base material. In this order, the base material itself 

70 gains further corrosion resistance as well as the anodic oxide coating. It is preferable that the precipitates and/or depos- 
its have a diameter of 10 ^im or less in average and also are arranged in parallel with the largest surface of the base 
material. 

In the present invention, a vacuum chamber means not only a va ;uum chamber itself, but also the vacuum cham- 
ber parts partially or entirely made of aluminum alloy such as gas diffusion plate(GDP), clamper, shower head, suscep- 

75 tor, clamp ring, electrostatic chuck, and the like. Hereinafter, a vacuum chamber is a general term for a vacuum 
chamber itself and such parts. The entire vacuum chamber is not necessarily made of aluminum alloys of the present 
invention, but may be made in combination with the aluminum alloy of the present invention and aluminum alloy pro- 
duced by any other method than that of the present invention, conventionally known stainless steel, composite material 
of ceramics and plastics, and the like. 

20 Hereinafter, there are some cases where the above-described vacuum chamber of the present invention is referred 
to as the first invention. 

To achieve the second objective, the present invention is directed to a method for anodising the surface of a vacuum 
chamber made of aluminum or its alloys. When the surface of vacuum chamber is anodized, a final anodizing voltage 
is set to be higher than an initial anodizing voltage. 
25 When the final anodizing voltage is set to be higher than the initial anodizing voltage, the anodizing voltage is con- 
tinuously or discontinuously changed for an arbitrary period, or may be kept constant for an arbitrary period. 

The initial anodizing voltage is preferably 50V or less, and the final anodizing voltage is preferably 30V or more. 

It is recommended that a solution containing oxalic acid is used as an anodizing solution, and 1 gram or more of 
oxalic acid is contained per 1 liter of solution. It is more preferable that the anodizing solution contains one or more ele- 
30 ments selected from the group consisting of sulfur, nitrogen, phosphorus, fluorine and boron, or contains a compound 
including such elements. 

In the present invention, an initial anodizing voltage indicates an electrolytic voltage applied when the formation of 
anodic oxide coating is substantially started. A final anodizing voltage indicates an electrolytic voltage applied when the 
formation of anodic oxide coating is substantially completed. 
35 Hereinafter, there are some cases where the surface treatment method is referred to as the second invention. 

As described above, to achieve the second objective, the surface of the vacuum chamber made of aluminum or its 
alloys is anodized so as to form an anodic oxide coating including a porous layer having a number of pores and a barrier 
layer without pores, and each of the pores has an opening on the surface. First, the surface of the vacuum chamber is 
subjected to a porous-type anodizing, and then, is subjected to a non-porous type anodizing. Hereinafter, there are 
AO some cases where such a surface treatment method is referred to as the third invention. 

In the present invention, a porous-type anodizing indicates a normal anodizing by which a porous layer and a bar- 
rier layer are formed. The porous layer has a number of pores having an opening on the surface of the chamber, and 
the barrier layer has no pores and is formed on the interface between the porous layer and the base material. The 
porous-type anodizing is conducted by using a solution containing sulfuric acid, phosphoric acid, oxalic acid, chromic 
45 acid, or a mixture thereof as an electrolytic solution under the electrolytic voltage in the range between 5V and 200V. 

The non-porous type anodizing indicates an anodizing by which a barrier layer with no pores is formed. The non- 
porous type anodizing is conducted by using a boron-base solution (for example, a solution containing a mixture of 
boron and ammonium borate,), a phosphorus-base solution (for example, an ammonium dihydrogenphosphate solu- 
tion), a phthalic acid-base solution (for example, a potassium hydrogenphthalate solution), an adipic acid-base solution 
so (for example, an ammonium adipate solution), a carbon-base solution (for example, a sodium carbonate solution), a cit- 
ric acid solution, a tartaric acid solution, a sodium chromate solution, or a mixed solution thereof under the electrolytic 
voltage in the range between 60V and 500V. 

To solve the third objective, the material used for producing the vacuum chamber of the present invention is made 
of aluminum alloys, and has precipitates and/or deposits having a diameter of 10 \xm or less in average. 
55 Instead of controlling the particle diameter, the precipitates and/or deposits may be arranged in such a texture as 
to be in parallel with the largest surface of the base material. 

The material made of aluminum alloy gains further corrosion resistance by controlling both the particle diameter 
and the arrangement direction of the precipitates and/or deposits. 

It is recommended that the precipitates anoVor deposits have a volumetric proportion of 2% or less. 
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Hereinafter, there are some cases where the material used for the vacuum chamber of the present invention is 
referred to as the forth invention. 

In the present invention, precipitates indicate compounds generated from a liquid phase during the production of 
aluminum alloy. Deposits indicate compounds generated from a solid phase during the production of aluminum alloy. 
5 Kinds of precipitates and/or deposits depend on the composition of aluminum alloy, and are not limited by the series of 
aluminum alloy. Examples of precipitates and deposits are as follows. 

Examples of precipitates generated in 1000-series aluminum alloy (hereinafter, 1000-series precipitates) include 
AI-Fe-series precipitates such as AI 3 Fe, AI 6 Fe and the like, and AI-Fe-Si-series precipitates such as a-AIFeSi, p-AIFeSi 
and the like. 

70 Examples of precipitates generated in 2000-series alluminum alloy are of the identical kinds to 1000-series precip- 
itates. Examples of deposits thereof include Al 2 Cu, AI 2 CuMg, AI 6 CuMg 4 and the like. 

Examples of precipitates generated in 3000-seriesaluminum alloy include, in addition to those identical kinds to the 
1000-series precipitates, AI 6 Mn, AI 4 Mn, AIMn, AI 12 Mn, AI 12 Fe 3 Si, A! 12 Mn 3 Si, AI 9 Mn 2 S and the like. Deposits thereof is 
mainly AI 6 Mn. 

is Examples of precipitates generated in 5000-series aluminum alloy include, in addition to those of identical kinds to 
the 1000-series precipitates, AI 3 Mg 2 , AI 12 Mg 17 , AI 7 Cr, AI 18 Mg 3 Cr 2 , ^l 18 Mg 3 Mn 2 and the like. Examples of deposits 
thereof include AI 3 Mg 2 , AI 2 CuMg and the like. 

Examples of precipitates generated in 6000-series aluminum alloy include, in addition to those of identical kinds to 
1000-series precipitates, Mg 2 Si, Si, AI B Mg 5 and the like. Examples of deposits thereof include Mg 2 Si, AI 2 CuMg and the 

20 like. 

Examples of precipitates generated in 7000-series aluminum alloy include, in addition to those of identical kinds to 
,1000-series precipitates, AI 8 Mg 5 , AlZn, Mg 2 2n 11t MgZn 2 and the like. Examples of deposits thereof include Mg 2 2n 11§ 
MgZn 2 , AI 2 Mg 3 Zn 3 , AI 2 CuMg and the like. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partially sectional view schematically showing a structure of a porous-type anodic oxide coating; 
Fig. 2 is a cross-sectional view showing a porous-type anodic oxide coating; 

Fig. 3 is a graph illustrating a relationship between an electrolytic voltage and a current density in the case of using 
30 three kinds of anodizing solution respectively; 

Fig. 4 is a diagram illustrating the patterns of an electrolytic voltage applied in the surface treatment of the present 
invention; 

Fig. 5 is a diagram illustrating the comparative examples of patterns of an electrolytic voltage applied in the surface 
treatment; 

35 Fig. 6 is a diagram illustrating the patterns of an electrolytic voltage applied in the surface treatment of the present 
invention; 

Fig. 7 is a diagram illustrating the comparative examples of patterns of an electrolytic voltage applied in the surface 
treatment; 

Fig. 8 is a diagram illustrating a structure of an anodic oxide coating formed by the surface treatment method of the 
40 present invention; 

Fig. 9 is a micrograph showing precipitates and/or deposits arranged in a direction perpendicular to the surface of 
the base material; and 

Fig. 10 is a micrograph showing precipitates and/or deposits arranged in a direction parallel to the surface of the 
base material. 

45 

BE5T MODE FQR CARRINQ OUT THE INVENTIO N 

A conventional vacuum chamber and chamber parts made of aluminum or its alloys has been poor in its corrosion 
resistance to the aforementioned corrosive gas and/or plasma. To solve this problem, the present inventors have con- 
so ducted hard studies on the techniques for improving the surface quality of a vacuum chamber and chamber parts, and 
have reached the first invention. That is, when a vacuum chamber and chamber parts made of aluminum or its alloys is 
anodized, it is possible to control the internal structure and the composition of components of its anodic oxide coating, 
thereby remarkably enhancing the resistance to gas corrosion and plasma. 

In a prior art, it is already known to control the thickness of anodic oxide coating in anodizing (for example, see Jap- 
55 anese Patent Publication No. 5-53870). It is also known to change the structure of anodic oxide coating by changing the 
conditions of electrolysis. However, there has been no attempt to suppress corrosion caused by a corrosive gas or 
plasma by controlling the internal structure or the composition of components of anodic oxide coating. In addition, there 
has been no report about studies conducted from such a point of view. 

Figure 1 is a partially sectional view conceptually showing a schematic structure of an anodic oxide coating which 
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is formed on the surface of a vacuum chamber or chamber part made of aluminum or its alloys by anodizing. When 
electrolysis is started, cells 2 grow in a base material 1 in the depth direction. Each of cells 2 has a pore 3 along the 
length thereof in the center portion. 

Figure 2 is a cross sectional view of the anodic oxide coating, in the present invention, the anodic oxide coating 
5 includes a porous layer 4 and a barrier layer 5. The porous layer 4 has pores 3, and the barrier layer 5 has no pores. 
The barrier layer 5 is interposed between the porous layer 4 and the base material 1 . Having no permeability to gas, the 
barrier layer 5 prevents gas or plasma from coming into contact with the base material made of aluminum or its alloys. 

It has been found that when an anodic oxide coating includes a porous layer and a barrier layer, there is a correla- 
tion among a pore diameter of the porous layer, a cell diameter thereof, and a thickness of the barrier layer. 
w The present inventors have studied the relationship between the structure and the resistance to gas corrosion and 
plasma of the anodic oxide coating. As a result, the present inventors have reached the following conclusions. 

First, the anodic oxide coating exhibits more excellent plasma resistance as the porous layer has a pore diameter 
and a cell diameter smaller at the top thereof. The reason thereof is as follows. If the diameter of pores and cells is large 
at the top, plasma is likely to concentrate to the peripheries of pores on the surface of the anodic oxide coating. This 
is makes micro-localized plasma condition on the surface of the anodic oxide coating. Contrary to this, if pores have open- 
ings with small diameter at the top, the uniformity of the surface of the anodic oxide coating is increased, so that the 
localized concentration of plasma can be prevented. In addition, the small pore diameter makes it difficult tor gas and 
plasma components to penetrate into the anodic oxide coating, and to accumulate onto the surface of porous layer in 
the form of any compound. 

20 Second, the anodic oxide coating exhibits more excellent resistance to gas corrosion as the porous layer has a pore 
diameter and a cell diameter larger at the bottom thereof. The reason thereof is as follows. If the diameter of pores and 
cells is large, a substantial surface area of inside the pore becomes small, so that an area capable of reacting with cor- 
rosive gas becomes small. Consequently, the internal structure of anodic oxide coating is hard to be adversely affected 
by the change in volume thereof due to reaction products. 

25 Third, an anodic oxide coating exhibits more excellent resistance to gas corrosion as the thickness of barrier layer 
is larger. The reason thereof is as follows. As described above, the barrier layer prevents a corrosive gas from coming 
into contact with the base material made of aluminum or its alloys. However, there are some corrosive gases which will 
gradually penetrate into the barrier layer when the base material is left in such a gas atmosphere for a long time. 
Accordingly, it is desirable that the barrier layer has a large thickness in order to shield a corrosive gas and also to 

30 achieve excellent gas corrosion resistance even when the base material is left in a corrosive gas atmosphere for a long 
time. 

From the above point of view, it is desirable that a porous layer has a structure in which a pore diameter at the top 
thereof is as small as possible, while a pore diameter at the bottom thereof is as large as possible so that a barrier layer 
has a large thickness. 

35 The present invention does not limit the pore diameter to the specific value. In the present invention, at least the 
pore diameter at the bottom of the porous layer is larger than that at the top thereof, thereby enhancing the corrosion 
resistance. In order to achieve excellent plasma resistance, it is desirable that the pore diameter at the top is 80nm or 
less, and more preferably 50nm or less, and the most preferably 30nm or less. In order to achieve excellent gas corro- 
sion resistance, it is desirable that a barrier layer has a thickness of 50nm or more, and more preferably 80nm or more. 

40 Furthermore, in the present invention, it is enough that the pore diameter of the porous layer is larger at the bottom 
thereof than at the top thereof, and the pore diameter of the intermediate portion between the top and the bottom is not 
limited to the specific value. Therefore, the intermediate portion may include a section where its pore diameter contin- 
uously changes, a section where its pore diameter discontinuous^ changes, and a section where its pore diameter 
remains constant. These sections may be mixedly present in the intermediate portion. The pore may have a section 

45 with a decreased diameter in a way from the bottom to the top, or the pore may disappear in a way from the bottom to 
the top. 

When a pore diameter continuously changes, there are various change patterns. For example, a pore diameter 
gradually increases from the top to the bottom, or may gradually increase from the top toward the base side, and then, 
decrease at any point, and after that, increase toward the bottom again. 

so In addition, the porous layer can have a multiiayered structure, where two or more layers with a pore diameter dif- 
ferent from each other are accumulated, so that the pore diameter of the porous layer gradually changes. In this case, 
it is desirable that the differences in the pore diameters among these layers are as small as possible, and that the layer 
positioned in the middle portion of the porous layer has pores whose diameter continuously change, so that the pores 
have tapered surfaces. The structure of porous layer may be selected depending on the application site in the vacuum 

55 chamber and chamber parts. 

In the above description, the internal structure, specif bally a pore diameter, of the anodic oxide coating changes in 
the depth direction. In this case, if the electrolysis is conducted while changing its conditions to change pore diameters, 
the surface of anodic oxide coating does not always have pores of uniform diameter. In many cases, the pore diameter 
is nonuniform depending on the shape of surface and the area where pores are formed. Therefore, the surface areas 
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which require especially high plasma resistance can be selectively treated in such a manner as to have a diameter as 
small as possible. As a result, there may be some portions which do not satisfy the requirements of the present inven- 
tion, but it is enough that the total structure of the anodic oxide coating satisfies the requirements of the present inven- 
tion. 

5 In some cases, pores are sealed after the completion of anodizing. This treatment is referred to as a pore sealing 

treatment. In the present invention, the pore sealing treatment can be conducted as far as it does not adversely affect 
the quality of the anodic oxide coating intended in the present invention. The pore sealing treatment is useful to achieve 
the coating performance as has been conventionally reported. Accordingly, as far as the entire structure of the anodic 
oxide coating satisfies the requirements of the present invention, it is possible to achieve the effect intended in the 

10 present invention. 

In the present invention, the thickness of anodic oxide coating is not limited to a specific value; however, a prefera- 
ble thickness to achieve excellent corrosion resistance is 0.05 \im or more, and more preferably 0.1 urn or more. In this 
case, if the anodic oxide coating has too large thickness, internal force is generated to cause cracks, resulting in insuf- 
ficient coating quality or peeling. Therefore, the desirable upper limit o the thickness is 50 fim. In other words, with a 

15 thickness of more than 50 urn, it becomes difficult for the anodic oxid<3 coating to reduce internal force by itself. This 
may cause the anodic oxide coating to crack and peel off, resulting in generating defective products. 

In the present invention, there is no limitation on a kind of solution used for electrolysis. The solution may contain, 
for example, an inorganic acid such as sulfuric acid, phosphoric acid, chromic acid, or an organic acid such as formic 
acid and oxalic acid. It is recommended, however, to use solution containing 1 gram or more of oxalic acid per 1 liter of 

20 the solution, because the use of such a solution enables the electrolytic voltage in anodizing to be arbitrarily controlled 
in a broad range. Figure 3 is a graph illustrating a relationship between the electrolytic voltage and the current density 
when an anodic oxide coating is formed under various electrolytic conditions using three kinds of anodizing solutions 
containing sulfuric acid, oxalic acid, and phosphoric acid, respectively. With a sulfuric acid solution, an anodic oxide 
coating is formed at a high rate, because the current density greatly changes when the electrolytic voltage is changed. 

25 With a phosphoric acid solution, an anodic oxide coating is formed at a low rate, because the current density slowly 
changes even though the electrolytic voltage is greatly changed. From this result, it can be said that when a sulfuric acid 
solution is used, an anodic oxide coating is formed at too high rate to control the coating thickness. On the other hand, 
when a phosphoric acid solution is used, an anodic oxide coating is formed at too low rate, resulting in poor production 
efficiency. Contrary to this, when an oxalic acid solution is used, the change in current density with respect to the elec- 

30 trolytic voltage is in the middle value between that using a sulfuric acid solution and that using a phosphoric acid solu- 
tion. In addition, when using an oxalic acid solution, the structure oi anodic oxide coating can be easily controlled with 
less deterioration of production efficiency than the case of using a phosphoric acid solution. 

As described above, an anodic oxide coating obtains high resistance to gas corrosion and plasma by controlling 
the structure thereof. The present inventors have conducted further studies, and have found that further improvement 

35 in corrosion resistance can be achieved by adjusting a composition of components of anodic oxide coating. More spe- 
cifically, an anodic oxide coating gains further resistance to gas corrosion and plasma when it contains two or more ele- 
ments selected from the group consisting of carbon, sulfur, nitrogen, phosphorus, fluorine, and boron (hereinafter, 
referred to as present elements in some cases.). 

When an anodizing solution contains an organic acid such as oxalic acid and formic acid, the produced anodic 

40 oxide coating contains a carbon-containing compound such as HCOOH and (COOH) 2 (or a compound containing 
C x O y H z groups such as -C0 3 , - C2O4, and -COOH. where x, y, and z are integers satisfying the conditions of x e 1 , and 
y and z e 0). Accordingly, when an organic acid solution such as oxalic acid solution is used in anodizing, one or more 
elements other than carbon, selected from the group consisting of sulfur, nitrogen, phosphorus and boron, is added 
thereto, so that the anodic oxide coating contains two or more elements. Below-described are examples of compounds 

45 to be added to the anodizing solution. 

(1) In the case where sulfur is added to an anodizing solution: 

An element such as H 2 S0 4 , AI 2 (S0 4 ) 3 and the like is added to an anodizing solution, so that the produced anodic 
50 oxide coating contains a sulfur-containing compound such as H 2 S0 4 , H 2 S0 3 , AI 2 (S0 4 ) 3 , Al(HS0 4 ) 3 and the like (or a 
compound containing S x 0 y H 2 groups such as -S0 4 . -S0 3> -HS0 4 and the like, where x, y, and z are integers satisfying 
the conditions of x £ 1 , and y and z & 0). 

(2) In the case where nitrogen is added to an anodizing solution: 

55 

An element such as HN0 3 , AI(N0 3 ) 3 and the like is added to an anodizing solution, so that the produced anodic 
oxide coating contains nitrogen-containing compound such as HN0 3 , HN0 2 , Al(N0 3 ) 3 and the like (or a compound 
containing N x O y H z groups such as -N0 3 , -N0 2 and the like, where x, y, and z are integers satisfying the conditions of 
x ^ 1 , and y and z * 0). 
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(3) In the case where phosphorus is added to an anodizing solution: 

An element such as H 3 P0 4 , H 3 P0 3 , AIP0 4 and the like is added to an anodizing solution, so that the produced 
anodic oxide coating contains phosphorus-containing compound such as H 3 P0 4 , H 2 PH0 3 , AIPO4 and the like (or a 
5 compound containing P x O y H 2 groups such as -P0 4 , -HP0 4t -H 2 P0 4 , -HPH0 3 and the like, where x, y, and z are inte- 
gers satisfying the conditions of x 5 1 , and y and z * 0). 

(4) In the case where fluorine is added to an anodizing solution: 

10 An element such as hydrogen fluoride is added to an anodizing solution, so that the produced anodic oxide coating 
contains fluorine-containing compound. 

(5) In the case where boron is added to an anodizing solution: 

15 An element such as (NH 4 ) 2 B 4 0 7 , H 3 B0 3 and the like is added to an anodizing solution, so that the produced anodic 
oxide coating contains boron-containing compound such as B 2 0 3 , (NH 4 ) 2 B 4 0 7 and the like (or a compound containing 
B x O y H 2 groups such as -B0 3 , -B 4 Oy and the like, where x, y, and z are integers satisfying the conditions of x £ 1 , and 
y and z s 0). 

The compound is added to the anodizing solution in the amount of 0.1 gram or more per 1 liter of the solution upon 
20 being converted into the amount of each element, i.e., sulfur, nitrogen, phosphorus, fluorine and boron. With the 
amount of less than 0.1 gram per 1 liter, it is difficult to achieve remarkable effect. 

As already described, when an oxalic acid solution is used as an anodizing solution, the produced anodic oxide 
coating contains carbon -containing compound derived from the oxalic acid. Therefore, it is enough that one or more 
present elements other than carbon (i.e., sulfur, nitrogen, phosphorus, fluorine and boron) is added to the anodizing 
25 solution. When a sulfuric acid solution is used as an anodizing solution, the produced anodic oxide coating contains sul- 
fur-containing compound derived from the sulfuric acid. Therefore, it is enough that one or more present elements other 
than sulfur (i.e., carbon, nitrogen, phosphorus, fluorine and boron) is added to the anodizing solution. Depending on the 
element originally contained in the anodizing solution, a compound containing one or more other present elements is 
added to the anodizing solution. As a result, the produced anodic oxide coating can contain two or more present ele- 
30 ments. 

Besides the method in which the above-described compound is added to the anodizing solution, it is possible to 
employ other methods for allowing two or more present elements to be contained in the anodic oxide coating. For exam- 
ple, it is possible to use the base material made of aluminum alloy containing the present elements as an alloying ele- 
ment. It is also possible to allow the present elements to be contained only in the surface layer of the base material by 
35 a surface reforming method such as ion implantation, which is then subjected to anodizing. In any of these methods, 
the produced anodic oxide coating contains two or more present elements, thereby gaining the enhanced resistance to 
gas corrosion and plasma. 

In order to enhance the resistance to gas corrosion and plasma, the preferable amount (in the unit of weight %) of 
the present elements to be contained in the anodic oxidje coating is as lollows. In the case of carbon, the preferable 

40 amount is 0.01% or more, and more preferably 0.5% or more. In the case of sulfur, the preferable amount is 0.02% or 
more, and more preferably 2% or more. In the case of nitrogen, the preferable amount is 0.01% or more, and more pref- 
erably 0.7% or more. In the case of phosphorus, the preferable amount is 0.015%, and more preferably 1% or more. In 
the case of fluorine, the preferable amount is 0.01%, and more preferably 0.5% or more. In the case of boron, the pref- 
erable amount is 0.015%, and more preferably 0.3% or more. 

45 In the present invention, an aluminum alloy used for a base material is not limited to a specific kind. However, it is 
desirable that the vacuum chamber is made of 1000-series alloy, 5000-series alloy, and 6000-series alloy due to their 
excellent mechanical strength, thermal conductivity, electric conductivity, and corrosion resistance. A 1000-series alloy 
is a high purity aluminum-series alloy. A 5000-series alloy is desired to contain at least 0.5 or less weight% of silicon 
and 0.5 to 6.0 weigth% of magnesium as alloy contents. A 6000-series alloy is desired to contain at least 0.2 to 1.2 

50 weight% of silicon and 0.4 to 1 .5 weight% of magnesium as alloy contents. The components of the chamber may be 
made of 2000-series alloy and 7000-series alloy besides 5000-series alloy and 6000-series alloy It is known that the 
use of aluminum alloy containing magnesium, silicon, copper, iron and the like as alloy contents enhances the resist- 
ance to cracks of the anodic oxide coating generated by high frequency and high temperature (heat cycle), and reduces 
internal force inside the anodic oxide coating. Especially, a 6000-series alloy has a high performance when including 

55 magnesium and silicon as alloy contents, and the performance can be further increased by conducting thermal treat- 
ment at the final step of the production thereof. 
Next, the second invention will be described. 

In the second invention, the surface of the base material made of aluminum alloy is anodized under the condition 
where a final anodizing voltage is higher than an initial anodizing voltage. In this order, an anodic oxide coating is 
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formed with an internal structure which provides excellent resistance to both the gas corrosion and plasma. 

In order to suppress the reaction with plasma, the porous layer is required to have a smooth surface with a small 
pore diameter and a small cell diameter. In the formation of anodic oxide coating, the anodizing proceeds starting from 
the surface of the base material along the depth direction, and the bottom end structure is dependent on the anodizing 

5 voltage. Once the formation of the anodic oxide coating is completed, the pore diameter and the cell diameter thereof 
never change even by the application of anodizing voltage. As a result, it is preferable that the initial anodizing voltage 
is set at low level, and specifically, at 50V or less, and more preferably at 30V or less. On the other hand, in order to 
reduce the internal force inside the anodic oxide coating and to prevent the anodic oxide coating from cracking and 
peeling off, the bottom end structure of the porous layer is required to have a large pore diameter and large cell diam- 

70 eter. Further, more excellent gas corrosion resistance can be achieved if the anodic oxide coating has a barrier layer 
with large thickness at the interface between the porous layer and the base material. Taking these points into consider- 
ation, a final anodizing voltage is required to be higher than an initial anodizing voltage. It is preferable that the final ano- 
dizing voltage is set at 30V or more, and more preferably 50V or more, and the most preferably 70V or more. 

When the final anodizing voltage is higher than the initial anodizing voltage, the anodizing voltage may be continu- 

75 ously changed in the entire anodizing process, or may be changed stepwise. Specifically, the anodizing voltage may be 
continuously or discontinuously changed for an arbitrary period in the anodizing process, or may be kept constant for 
an arbitrary period in the anodizing process. 

As described above, an anodizing voltage is changed for a specific period in the anodizing process so that an 
anodic oxide coating is formed with a changing internal structure. Thus-formed structure is effective of reducing the 

20 internal force and the volumetric change of the anodic oxide coating resulted from the contact with gas or plasma during 
the use of the vacuum chamber. As a result, it is possible to prevent the anodic oxide coating from cracking or peeling 
off, which may otherwise cause corrosion and damage, thereby enhancing the resistance to gas and plasma. 

FIG. 4 is a diagram illustrating voltage patterns when an electrolytic voltage is continuously changed. As seen in 
FIG. 4, a voltage level may be gradually increased starting from the initiation of electrolysis, or a voltage level may be 

25 increased to a certain level and then decreased, and again increased. FIG. 4 illustrates the patterns when an electro- 
lytic voltage is linearly changed; however, an electrolytic voltage may be curvedly changed. 

FIG. 6 is a diagram illustrating patterns when an electrolytic voltage is changed stepwise. As seen in FIG. 6, an 
electrolytic voltage may be intermittently increased, or may be increased continuously, or may be decreased once and 
then again increased. When the electrolytic voltage is changed stepwise, it is recommended that the increase and 

30 decrease in the voltage values are continuous or small. In this manner, an anodic oxide coating has a structure with 
.continuity in the depth direction, thereby avoiding the formation of portions to which the internal force easily concen- 
trates. 

Next, the third invention will be described. The present inventors have found that, in order to form an anodic oxide 
coating excellent in the resistance to both gas corrosion and plasma, in addition to give a changing structure to the 

35 porous-type anodic oxide coating, the porous type anodizing and the non-porous type anodizing are performed to form 
a barrier layer with a thickness as large as possible. 

As shown in FIG. 8, the base material 1 of the vacuum chamber and chamber parts made of aluminum or its alloys 
is subjected to the porous-type anodizing so as to form the porous layer 4 and the barrier layer 5. Then, the non-porous 
type anodizing is performed thereto so that the barrier layer 6 grows. As a result, the vacuum chamber or chamber part 

40 is excellent in the resistance to both gas corrosion and plasma. 

As described above, the porous type anodizing may be conducted using a solution containing any one of sulfuric 
acid, phosphoric acid, oxalic acid and chromic acid, or a mixture thereof under the electrolytic voltage in the range 
between 5V and 200V. On the other hand, the non-porous type anodizing for forming a barrier layer with no pores may 
be conducted using a boric acid-base solution, a phosphoric acid-base solution, a phthalic acid-base solution, an adipic 

45 acid-base solution, a carbonic acid-base solution, a citric acid-base solution, a tartaric acid-base solution, and a sodium 
chromate-base solution, or a mixture thereof under the electrolytic voltage in the range between 60V and 500V 

In the present invention, the porous-type anodizing may be conducted under the electrolytic voltage at a constant 
value; however, it is recommended that a final anodizing voltage is higher than an initial anodizing voltage so that the 
pore diameter at the top of porous layer becomes larger than at the bottom thereof. The reason thereof is as follows. In 

50 order to achieve excellent plasma resistance, it is preferable that the porous layer has pores with small diameter at the 
top thereof, while in order to achieve excellent gas corrosion resistance, it is preferable that the porous layer has pores 
and cells with large diameter at the bottom thereof. More specifically, the initial anodizing voltage is preferably set at 50V 
or less, and more preferably 30V or less. On the other hand, the final anodizing voltage is preferably higher than the 
initial anodizing voltage, and the specific value thereof is 30V or more, and more preferably 50V or more, and the most 

55 preferably 70V or more. 

When the final anodizing voltage is higher than the initial anodizing voltage in porous-type anodizing, the voltage 
may be continuously changed in the entire anodizing process, or may be changed stepwise. More specifically, the volt- 
age may be continuously or discontinuously changed for an arbitrary period in the entire anodizing process, or may be 
changed for an arbitrary period while being kept constant for the other arbitrary period. 
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As described above, in the formation of the porous-type anodic oxide coating, the anodizing voltage is changed for 
an arbitrary period in the anodizing process so that the produced anodic oxide coating has a changing internal struc- 
ture. This structure reduces the internal force or the volumetric change of the anodic oxide coating due to the contact 
with gas or plasma during the use of vacuum chamber. As a result, it is possible to prevent the anodic oxide coating 
5 from cracking or peeling off, which may otherwise cause corrosion and damage, thereby enhancing the resistance to 
gas and plasma. 

An anodizing voltage may be continuously changed. In this case, for example, the voltage may be gradually 
increased starting from the initiation of electrolysis, or may be increased to a certain level and then decreased, and rein- 
creased. FIG. 6 is a diagram showing voltage patterns when the electrolytic voltage is changed stepwise. As shown in 

w FIG. 6, there are several methods for changing the electrolytic voltage. Patterns A and C show the case where the elec- 
trolytic voltage is intermittently increased. Patterns B and C show the case where the increase in the voltage level is 
continuous. Patterns E and F show the case where the electrolytic voltage is increased and then decreased, and rein- 
creased. When an electrolytic voltage is changed stepwise, it is recommended that the increase and decrease in the 
voltage are continuous or small. In this manner, the anodic oxide coating is provided with a structure having continuity 

is in the depth direction, thereby avoiding the formation of portions to which the internal force is easily concentrated. 

In the present invention, a pore diameter of the porous-type anodic oxide coating is not limited to a specific value; 
however, a pore diameter at the bottom is larger than that at the top. With this structure, the corrosion resistance is 
enhanced. In order to achieve excellent plasma resistance, it is preferable that a pore diameter at the top is 80nm or 
less, and more preferably 50nm or less, and the most preferably 30nm or less. 

20 In the present invention, the thickness of the porous layer is not limited to a specific value; however, in order to 
achieve excellent corrosion resistance, it is preferable that the thickness of the porous layer is 0.05 u,m or more, and 
more preferably 0.1 urn or more. The desirable maximum thickness is 50 nm, because if the thickness is too large, the 
porous layer may have cracks due to the internal force. This may cause problems such as insufficient coating perform- 
ance or peeling of the anodic oxide coating. More specifically, if the porous layer has a thickness of larger than 50 Mm, 

25 it may be difficult for the anodic oxide coating to reduce its internal force by itself. In this case, the anodic oxide coating 
may have cracks and peel off, causing a problem of producing defective products. 

Further, in order to achieve excellent gas corrosion resistance, it is preferable that the barrier layer has a thickness 
of 50nm or more, and more preferably 80nm or more. 
Next, the forth invention will be described. 

30 Even though the above-described surface treatment is conducted in the formation of anodic oxide coating, it is 
impossible to completely avoid the penetration of corrosive elements into a base material. During the use of a vacuum 
chamber or chamber part, corrosive elements passes, though very slowly, through an anodic oxide coating and pene- 
trate into a base material made of aluminum alloy. Therefore, in addition to the improvement of surface treatment tech- 
nique, it is also important to enhance the corrosion resistance of material itself used for a vacuum chamber and 

35 chamber parts. 

Depending on desired physical properties, an aluminum alloy is provided with several kinds of alloying elements, 
and at least iron and silicon are always contained as inevitable impurities. A 1000-series alloy, which is not positively 
provided with alloying elements, also may contain a certain amount of iron and silicon as inevitable impurities. Accord- 
ingly, when using a 1000-series aluminum alloy, the base material contains at least 1000-type precipitates which have 

40 been already described. Duralumin made of 2000-series alloy has the high strength resulted from the dispersion curing 
effect of deposits. Accordingly, a vacuum chamber made of aluminum alloy contains precipitates such as precipitates 
or deposits containing inevitable impurities, alloying elements and the like. 

However, the presence of the precipitates and/or deposits seriously impairs the corrosion resistance, and therefore, 
is not desirable. More specifically, halogen elements such as chlorine, fluorine and bromine have high corrosivity and 

45 penetrate into a base materia! made of aluminum, causing corrosion of the base material. When a base material con- 
tains precipitates and/or deposits, halogen elements are likely to penetrate into the interface between the precipitates 
and/or deposits and the base material made of aluminum. In order to ensure corrosion resistance, it is desirable that a 
base material contains precipitates and/or deposits in an amount as small as possible. However, in order to reduce the 
content of inevitable impurities such as iron and silicon to the level as low as possible, it is necessary to prepare an alu- 

50 minum alloy having extremely high purity. This requires high cost and thus is not practical. 

The present inventors have conducted studies to enhance the corrosion resistance of base material made of alu- 
minum alloy on the assumption that precipitates and/or deposits are present therein. As a result, it has been found that 
when precipitates and/or deposits are present in a minute and uniform state, or are arranged in parallel with the largest 
area of the base material, the base material is excellent in corrosion resistance. More specifically, the precipitates 

55 and/or deposits are arranged not to be present continuously with respect to the direction along which the corrosive ele- 
ments penetrate. With this arrangement, the base material has the high resistance to both gas corrosion and plasma. 

In order to achieve excellent resistance to corrosion, it is effective that the precipitates and/or deposits have a diam- 
eter of 10 ym in average. With a small diameter, precipitates and/or deposits lose continuity and easily keep adequate 
spaces each other. As a result, the corrosion resistance is enhanced. The preferable average diameter of precipitates 
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is 6 jim or less, and more preferably 3 urn or less. The preferable average diameter of deposits is 2 urn or less in aver- 
age, and more preferably 1 um or less. In this case, if some particles have too large diameter even though the average 
diameter falls within these ranges, the corrosion resistance may be adversely affected. Accordingly, the maximum diam- 
eter of the precipitates and/or deposits is preferably 15 urn or less, and more preferably 10 nm or less. 

5 In some environment where a vacuum chamber or chamber part is used, deposits may grow and gain their diam- 

eters during use. In spite of such a situation, the maximum diameter thereof preferably falls within the above-described 
ranges. However, in the case where a vacuum chamber is used in the environment that does not allow the particle diam- 
eter to stay within these ranges, it is desirable to select a base material having deposits with a diameter as small as 
possible (specifically, a base material having deposits with an average diameter of 2 jim or less, and more preferably 1 

w \im or less). 

In order to disperse precipitates and/or deposits in a minute form in an aluminum alloy, a content of alloying element 
and inevitable impurities in an alloy composition is reduced to the level as low as possible. Besides this method, there 
is also a method in which a casting rate is controlled. More specifically, in casting, a cooling rate Is increased to the level 
as high as possible, thereby controlling the average diameter and the volumetric proportion of the precipitates and 
is deposits to small values. The cooling rate in casting is preferably 1°C/sec or more, and more preferably 10°C/sec or 
more. 

The particle diameter, the shape, and the distribution state of the deposits can be controlled by performing thermal 
treatment at the final step of producing the base material (for example, T4, T6). Specifically, the liquefaction is per- 
formed at a temperature as high as possible (for example, the temperature is increased to the level immediately before 

20 the solidification is started.) so as to form a supersaturated solid solution, and after that, multistage aging treatment 
such as a double stage treatment and a triple stage treatment is performed. As described above, even after the casting, 
the diameter of deposits can be further decreased by performing the above-described thermal treatment. 

Moreover, in hot extrusion or hot rolling performed after the casting, the precipitates anoVor deposits are likely to be 
arranged along the directions of extrusion and rolling. Even when the aluminum alloy containing the precipitates and/or 

25 deposits arranged along a specific direction is used for the base material, depending on the shape of each vacuum 
chamber, the largest area of the base material is made to be parallel with the arrangement direction thereof, thereby 
enhancing the corrosion resistance. 

FIG. 9 and FIG. 10 are micrographs showing precipitates and/or deposits viewed from the cross-section of the vac- 
uum chamber. White-colored portions are precipitates and black-colored portions are deposits. In both FIG. 9 and FIG. 

30 10, the upper side is the surface of the vacuum chamber where an anodic oxide coating is formed. In FIG. 9, the pre- 
cipitates and/or the deposits are arranged in perpendicular to the surface of the vacuum chamber. In FIG. 10, the pre- 
cipitates and/or deposits are arranged in parallel with the surface of the vacuum chamber. In FIG. 9, there are some 
precipitates and/or deposits having a diameter of more than 15 ^im, while in FIG. 10, all the precipitates and/or deposits 
have a diameter of 10 jam or less. Accordingly, FIG. 10 illustrates a vacuum chamber with a base material having pre- 

35 cipitates and/or deposits with a diameter of 10 um or less, and the precipitates and/or deposits are arranged in parallel 
with the largest surface of the base material. 

Some kinds of vacuum chamber or chamber part may contain, due to the restriction from their shapes, precipitates 
and/or deposits arranged in perpendicular with the largest area of the base material. Examples of such vacuum cham- 
bers include susceptors, gas diffusion plates, dielectric plates such as electrostatic chucks, all of which have a disk- 

40 shaped base material. For example, in many cases, susceptors are produced in a disk-like shape by cutting a column- 
like extruded material into round slices. Thus-produced susceptors contain precipitates and/or deposits arranged along 
a direction of hot extrusion, and this arrangement direction may be in perpendicular to the surface and bottom of sus- 
ceptor. Accordingly, when a vacuum chamber is a susceptor like this, the corrosion resistance is enhanced by control- 
ling the average diameter of precipitates and/or deposits to be as small as possible, instead of controlling the 

45 arrangement direction thereof. 

Moreover, the corrosion resistance can be further enhanced by, besides controlling the average diameter and/or 
the arrangement of precipitates and/or deposits, controlling the volumetric proportion thereof to be as small as possible. 
More specifically, the volumetric proportion of the precipitates and/or deposits is preferably 4% or less, and more pref- 
erably 2% or less, and the most preferably 1% or less. 

so A preferable combination of the average diameter and the volumetric proportion of the precipitates and/or deposits 
is as follows. As to the precipitates, it is preferable that the average diameter is 6 pm or less and the volumetric propor- 
tion is 4% or less (desirably 2% or less), and more preferably, the average diameter is 3 pm or less and the volumetric 
proportion is 2% or less (desirably 1% or less). As to the deposits, it is preferable that the average diameter is 2 \im or 
less and the volumetric proportion is 4% or less (desirably 2% or less), and more preferably the average diameter is 1 

55 jim or less and the volumetric proportion is 2% or less (desirably 1% or less). 

In some methods and conditions for producing an aluminum alloy, it is possible to control the diameter and the vol- 
umetric proportion of the precipitates and/or deposits present on the surface of the aluminum alloy For example, there 
is a method in which, when solidified, the surface of an aluminum alloy is rapidly cooled to control the formation of the 
precipitates and/or deposits. In this case, a pressure may be applied so that precipitation and deposition are promoted 
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in the bulk middle portion of the aluminum alloy. There is also a method in which an aluminum alloy excellent in corro- 
sion resistance is cladded on the surface of the vacuum chamber. 

In the above-described methods, control is conducted in such a manner that at least the largest area of the base 

material from the surface up to 1mm deep contains precipitates having an average diameter of 3 urn or less and a vol- 
£ umetric proportion of 1% or less and deposits having an average diameter of 1 \xw or less and a volumetric proportion 

of 1% or less. Consequently, the surface of the base material gains further resistance to gas corrosion and plasma. 

resulting in further enhancing the corrosion resistance of the entire vacuum chamber. 

When a vacuum chamber is produced by using the material of the present invention, the corrosion resistance and 

the abrasion resistance can be further enhanced by forming a coating on the surface thereof employing a known sur- 
10 face treatment other than the anodizing. Examples of such surface treatments include a physical vapor deposition such 

as sputtering and ion-plating, chemical vapor deposition, and thermal spraying. 

Although the present invention has been fully described by way of example with reference to the accompanying 

drawings, it is to be understood that various changes and modifications will be apparent to those skilled in the art. 

Therefore, unless otherwise such changes and modifications depart from the scope of the present invention, they 
is should be construed as being included therein. i 

EXAMPLE 1 

As shown in Table 1, various aluminum alloy plates were provided with an anodic oxide coating having different 
20 structure from each other. These aluminum alloy plates were used as test pieces. Each anodic oxide coating included 
a porous layer having pores with a diameter continuously changing in a depth direction. Table 1 also shows the number 
of layers included in each porous layer, a pore diameter at a top and a bottom of each porous layer, an electrolytic solu- 
tion used for anodizing, and the thickness of each anodic oxide coating. 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
25 was conducted by using 5% of mixed gas of Cl 2 and Ar at a temperature of 300°C for 4 hours. Upon completion of the 
test, the appearance of test pieces was evaluated under the following standards. 

(gas corrosion test ) 

30 Q : No corrosion was generated. 

a : Corrosion was generated in an area of less than 5% of test piece. 
X : Corrosion was generated in an area of 5% or more of test piece. 

In addition, in order to evaluate the resistance to plasma for the test pieces, a chlorine plasma irradiation test was 
35 conducted under the low bias for 90 minutes. Upon completion of the test, the etched depth of the test pieces was 
measured and evaluated under the following standards. 

(plasma irradiation test) 

40 O : Test P iece was etched in a depth of less than 2 jim. 

a : Test piece was etched in a depth in the range between 2 \im or more and less than 5 urn. 
X : Test piece was etched in a depth of 5 urn or more. 

The results of the gas corrosion test and the plasma irradiation test are shown in Table 1 . 

45 
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♦Remarks : Structure of porous layer is indicated by means of pore diameter 

a : top : 10 — 200nm: base (phosphoric acid) 

35 b : top : 1 5-20nm : base (sulfuric acid-oxalic acid) 

c : top : 1 2 — 5 5 — 3 0 — 1 2 0 n m : base (phosphoric acid) 

d : top : 8 — 2 5 0 n m : bottom (phosphoric acid) 

e : top : 2 5 — 3 5 n m : bottom (sulfuric acid — oxalic acid) 

f : top : 2 0 — 2 0 n m : bottom (phosphoric acid) 

40 g : top: 1 5 — 1 5 n m : bottom (sulfuric acid) 

h : top : 5-1 Onm : bottom (sulfuric acid) 



45 As is obvious from the results shown in Table 1 , the test pieces Nos. 1 to 5, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 6 to 
9, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, exhib- 
ited the insufficient resistance to gas corrosion and/or plasma. 

so EXAMPLE 2 

As shown in Table 2, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. In Example 2, an oxalic acid solution was used as an electrolytic solution. These aluminum 
alloy plates were used as test pieces. Each anodic oxide coating included a porous layer having pores with a diameter 
55 continuously changing in a depth direction. Table 2 also shows the number of layers included in each porous layer, a 
pore diameter at a top and a bottom of each porous layer, and the thickness of each anodic oxide coating. 

Repeating the gas corrosion test and the plasma irradiation test conducted in Example 1 , the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are as shown in Table 2. 
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3Q * Remarks : Structure of porous layer is indicated by means of pore diameter 

a :top: 15— 140nm: bottom 

b:top:20— 150nm: bottom 

c : top : 20—50 — 30—1 5 0 n m : bottom 

d: top: 10 — 180nm: bottom 
35 e:iop:10 — 20 — 10 — / Onm: bottom 

i : top : 1 0 — 4 5 n m : bottom 

g : top : 2 0 — 2 0 n m : bottom 

h : top : 5 — 4 0 n m : bottom 



As is obvious from the results shown in Table 2, the test pieces Nos. 1 to 5, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 6 to 
45 9, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, exhib- 
ited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 3 

so As shown in Table 3, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. These aluminum alloy plates were used as test pieces. A porous layer including two or more 
layers had pores with a diameter which changed stepwise. However, the test piece No. 4 had an intermediate layer of 
which pore diameter continuously changed, thereby pores have tapered surfaces. Table 3 also shows kinds of electro- 
lytic solutions used in anodizing and the thickness of each anodic oxide coating. 

55 Repeating the gas corrosion test and the plasma irradiation test conducted in Example 1 , the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are shown in Table 3. 
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20 (S) /1 20 CP) /20CS)/120 
(P)/20(S)/180(P) 
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70 
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A 



30 

* Reiaxks : (P) : phosphoric acid anodizing 
(S) : sulfuric acid anodizing 
(S— 0) : sulfuric acid — oxalic acid anodizing 

35 



As is obvious from the results shown in Table 3, the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
40 12, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 4 

45 As shown in Table 4, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. In Example 4, an oxalic acid solution was used as an electrolytic solution. These aluminum 
alloy plates were used as test pieces. A porous layer including two or more layers had pores with a diameter which 
changed stepwise. However, the test pieces Nos. 2 and 8 had an intermediate layer of which pore diameter continu- 
ously changed, thereby pores have tapered surfaces. Table 4 also shows the structure of each porous layer and the 

so thickness of each anodic oxide coating. 

The test pieces were tested to evaluate their resistance to gas corrosion and plasma repeating the gas corrosion 
test and the plasma irradiation test conducted in Example 1, except that the gas corrosion test was conduted at 300°C 
for 4 hours and the chlorine plasma irradiation test was conducted for 120 minutes. The test results are shown in Table 
4. 

55 
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55 As is obvious from the results shown in Table 4, the test pieces Nos. 1 to 9. satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 10 to 
14, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 5 

As shown in Table 5, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure form each other. These aluminum alloy plates were used as test pieces. Table 5 also shows the change in the 
5 structure of each porous layer by means of a pore diameter, kinds of electrolytic solutions used in anodizing, and the 
thickness of each anodic oxide coating. 

Repeating the gas corrosion test and the plasma irradiation test conducted in Example 1 , the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are shown in Table 5. 



TO 

Table 5 
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of 






1 






IKind of 


porous 


layer Treatment Th i ckness of 


Gas 


Plasma ! 


15 


No 
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method ianodi c oxide jcorrosion 


irradiation j 






i Numbers of 


Pore 
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: a 


15 
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Examole of 
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2 
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' b 


0.08 


o 


O 




invention 


3 




2 


: c 


35 
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; d anodizing 
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* Remarks : Pore diameter of each layer 

a : top : 1 0-25nm (sulfuric acid) /50-l20nm (phosphoric acid) : bottom 
b : top : 2 0 — 2 5 nm (sulfuric acid-oxalic acid) 

/Z 0—5 0 nm (sulfuric acid-oxalic acid) 

/3 0^1 2 Onm (phosphoric acid) : bottoo 
c : top : 1 5 — 5 0 nm (phosphoric acid) /6 0-2 5 0 nm (phosphoric acid) : bottom 
d :top: 20^25nm (sulfuric acid — oxalic acid) 

/3 0-1 20nm (phosphoric acid) /I00^l20nm (phosphoric acid) 

/l 00^ 250nm (phosphoric acid) : bottom 
e :top: 1 0-1 5nm (sulfuric acid) /30-40nm (sulfuric acid — oxalic acid) 

/ 1 00—1 20nm (phosphoric acid) / 8 0 — 1 0 0 n m (phosphoric acid) 

/80-2 5 0 nm (phosphoric acid) : bottom 
f : top : 1 Onm (sulfuric acid) /2 Onm (sulfuric acid-oxalic acid) : bottom 
g : top : 2 0 n m (sulfuric acid) : bottoo 



The anodic oxide coating of the test pieces Nos. 1 to 5 had a porous layer including two or more layers and having 
pores with a diameter which changed continuously. As is obvious from the results shown in Table 5, the test pieces Nos. 
1 to 5, satisfying the conditions of the present invention, exhibited the excellent resistance to gas corrosion and plasma. 
55 On the other hand, the test pieces Nos. 6 to 8. corresponding to the comparative examples and not satisfying one or 
more conditions of the present invention, exhibited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 6 

As shown in Table 6, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. In Example 6, an oxalic acid solution was used as an electrolytic solution. These aluminum 
5 alloy plates were used as test pieces. Table 6 also shows the change in structure of each porous layer by means of a 
pore diameter and the thickness of each anodic oxide coating. 

Repeating the gas corrosion test and the plasma irradiation test conducted in Example 4, the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are shown in Table 6. 
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5000- 
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1 

- 1 
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* Remarks : pore diameter of each layer 

a : top : 1 0 — 2 0 nm/3 0— 2 0 0 n m : bottom 
b ; top : 2 0 — 2 5 n m/8 0—1 6 0 n m : bottoo 

40 c : top : 1 5 — 1 5nm/50- 1 00nm/80- 160nm: bottom 

d : top : 2 0 — 2 5 n m / 1 0 0 — 2 5 0 n m : bottom 
e : top : 1 0-1 5n m/3 0 — 5 0 nm/8 0—1 2 0 niu 
/% 0—1 20nm/8 0-2 5 0 nm : bottom 
f : top : 1 0 nm/2 0 nni : bottom 

45 6 : top : 2 0 n m : bottom 

h : top : 1 0 n m : bottom 



50 The test pieces Nos. 1 to 5 had a porous layer including two or more layers having pores with a diameter which 
changed continuously. As is obvious from the results shown in Table 6, the test pieces Nos. 1 to 5, satisfying the condi- 
tions of the present invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, test 
pieces Nos. 6 to 9, corresponding to the comparative examples and not satisfying one or more conditions of the present 
invention, exhibited the insufficient resistance to gas corrosion and/or plasma. 

55 

EXAMPLE 7 

As shown in Table 7, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. These aluminum alloy plates were used as test pieces. Table 7 also shows the number of 
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layers included in each porous layer, a pore diameter at a top and a bottom of each porous layer, kinds of electrolytic 
solutions used for anodizing, and the thickness of each anodic oxide coating. 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
was conducted by using 10% of mixed gas of Cl 2 and Ar at a temperature of 350 °C for 4 hours. Upon the completion 
5 of the test, the appearance of test pieces was evaluated under the following standards. 

(gas corrosion test) 

© : No corrosion was generated. 

to O : Corrosion was generated in an area of less than 5% of test piece. 

a : Corrosion was generated in an area in the range between 5% or more and less than 10% of test piece. 

X : Corrosion was generated in an area of 1 0% or more of test piece. 

In addition, in order to evaluate the resistance to plasma for the tes . pieces, a chlorine plasma irradiation test was 
75 conducted under the low bias for 120 minutes. Upon completion of the test, the etched depth of the test pieces was 
measured and evaluated under the following standards. 

(plasma irradiation test ) 

20 @ : Test piece was etched in a depth of less than 1.5 }im. 

O : Test piece was etched in a depth in the range between 1 .5 *im or more and less than 2 jim. 

a : Test piece was etched in a depth in the range between 2 \xm or more and less than 5 \im. 

X : Test piece was etched in a depth of 5 urn or more. 

25 The results of gas corrosion test and the plasma irradiation test are shown in Table 7. 
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As is obvious from the results shown in Table 7, the test pieces Nos. 1 to 9, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 10 to 
13, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 



19 

: <EP 07S2951A1_L> 



EP 0 792 951 A1 



EXAMPLE. 8 

As shown in Table 8, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. These aluminum alloy plates were used as test pieces. Table 8 also shows the change in the 
5 structure of each porous layer by means of a pore diameter, kinds of electrolytic solutions used in anodizing, and the 
thickness of each anodic oxide coating. 

The test pieces were tested to evaluate their resistance to gas corrosion and plasma repeating the gas corrosion 
test and the plasma irradiation test conducted in Example 7, except that the gas corrosion test was conducted at 350°C 
for 5 hours and the chlorine plasma irradiation test was conducted for 150 minutes. The test results are shown in Table 
io 8. 
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As is obvious from the results shown in Table 8. the test pieces Nos. 1 to 7, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 8 to 
11, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 9 

As shown in Table 9, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other. These aluminum alloy plates were used as test pieces. Table 9 also shows the change in the 
s structure of each porous layer by means of a pore diameter, kinds of electrolytic solutions used in anodizing, and the 
thickness of each anodic oxide coating. 

The test pieces were tested to evaluate their resistance to gas corrosion and plasma repeating the gas corrosion 
test and the plasma irradiation test conducted in Example 7, except that the gas corrosion test was conducted at a tem- 
perature of 370°C for 5 hours and the chlorine plasma irradiation test was conducted for 180 minutes. The test results 
to are shown in Table 9. 
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As is obvious from the results shown in Table 9, the test pieces Nos. 1 to 6, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, test pieces Nos. 7 to 9, 
corresponding to the comparative examples and not satisfying one or more conditions of the present invention, exhib- 
ited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 10 

As shown in Table 10, various aluminum alloy plates were used as test pieces, which had a composition satisfying 
the requirements of Japanese Industrial Standard. The aluminum alloy plates were dissolved in the atmosphere and 

5 casted at a rate of 1°C/sec. The resultant was then annealed for homogenization at 480°C for 4 hours, and after that, 
was subjected to hot extrusion or hot rolling at 450°C. The reduction rate of thickness by hot rolling was 80% and the 
extrusion ratio of the hot extrusion was 4. 

Using a scanning electron microscope, a cross section of the test pieces was observed to obtain an average diam- 
eter of precipitates and/or deposits. Some of test pieces were subjected to image analysis to calculate their volumetric 

10 proportion. An average diameter, a volumetric proportion, and an arrangement direction of precipitates and/or deposits 
are shown in Table 10. In Example 10, an arrangement direction indicates the direction along which precipitates and/or 
deposits are arranged with respect to the largest area of test piece to which the following gas corrosion resistance test 
and the plasma resistance test were conducted. 

15 (gas corrosion test > 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
was conducted by using 5% of mixed gas of Cl 2 and Ar at a temperature of 400°C for 2 hours. Upon completion of the 
test, the appearance of test pieces was evaluated under the following standards. 

20 

(gas corrosion test > 

® : No corrosion was generated. 

O : Corrosion was generated in an area of less than 10% of test piece. 
25 a : Corrosion was generated in an area in the range between 10% or more and less than 20% of test pece. 
X : Corrosion was generated in an area of 20% or more of test piece. 

In addition, in order to evaluate the resistance to plasma for the test pieces, a chlorine plasma irradiation test was 
conducted under the low bias. 15 minutes of plasma irradiation was repeated 6 times at 5 minute intervals. Upon com- 
30 pletion of the test, the test pieces were evaluated under the standards same as those used for the gas resistance test. 
The results of gas corrosion test and the plasma irradiation test are shown in Table 10. 
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As is obvious from the results shown in Table 10, the test pieces Nos. 1 to 16, satisfying the conditions of the 
present invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces 
Nos. 17 to 27, corresponding to the comparative examples and not satisfying one or more conditions of the present 
invention, exhibited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 11 

As shown in Table 11, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other by applying electrolytic voltage of various patterns shown in FIGs. 1 and 2. These aluminum 
alloy plates were used as test pieces. 

The patterns A to F shown in FIG. 4 illustrate the preferable electrolytic voltage application in the surface treatment 
method of the present invention. At least the final voltage is higher than the initial voltage, and the change in electrolytic 
voltage is continuous. Therefore, the anodic oxide coating produced by applying the electrolytic voltage of patterns A to 
F corresponds to the examples of the present invention. On the other hand, the pattern G in FIG. 5 illustrates an elec- 
trolytic voltage application which is controlled in such a manner that the initial voltage is higher than the final voltage. 
Therefore, the anodic oxide coating produced by applying the electrolytic voltage of pattern G corresponds to the com- 
parative Example. The pattern H in FIG. 5 illustrates an electrolytic voltage application which is controlled to be constant 
in the entire anodizing process. Therefore, the anodic oxide coating produced by applying an electrolytic voltage of pat- 
tern H corresponds to a conventional example. 

Table 1 1 also shows a composition of anodizing solution, the initial voltage, and the final voltage (also shown are 
voltages at points where the voltage application are changed in the process of anodizing.). 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
was conducted by using 5% of mixed gas of CI and Ar at a temperature of 300°C tor 4 hours. Upon completion of the 
test, the appearance of test pieces was evaluated under the following standards. 

(gas corrosion test ) 

O • No corrosion was generated. 

a : Corrosion was generated in an area of less than 5% of test piece. 
X : Corrosion was generated in an area of 5% or more of test piece. 

In addition, in order to evaluate the resistance to plasma of the test pieces, a chlorine plasma irradiation test was 
conducted under the low bias for 90 minutes. Upon completion of the test, the etched depth of the test pieces was 
measured and evaluated under the following standards. 

(plasma irradiation test ) 

O • Test piece was etched in a depth of less than 2 um 

a : Test piece was etched in a depth in the range between 2 um or more and less than 5 um. 
X : Test piece was etched in a depth of 5 um or more. 

The results of gas corrosion test and the plasma irradiation test are shown in Table 1 1 . 
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As is obvious from the results shown in Table 1 1 , the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
13, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 12 



As shown in Table 12, various aluminum alloy plates were provided with an anodic oxide coating having different 
structure from each other by applying electrolytic voltage of various patterns shown in FIGs. 6 and 7. These aluminum 
45 alloy plates were used as test pieces. 

The patterns A to F shown in FIG. 6 illustrate the preferable electrolytic voltage application in the surface treatment 
method of the present invention. At least the final voltage is higher than the initial voltage, and the change in electrolytic 
voltage is continuous. Therefore, the anodic oxide coating produced by applying the electrolytic voltage of patterns A to 
F correspond to the examples of the present invention. On the other hand, the pattern G in FIG. 7 illustrates an electro- 
so lytic voltage application which is controlled to be constant in the entire anodizing process, and the pattern H in FIG. 7 
illustrates an electrolytic voltage application which is controlled in such a manner that the initial voltage and the final 
voltage are identical to each other. Therefore, an anodic oxide coating produced by applying an electrolytic voltage of 
patterns G and H corresponds to a conventional example. 

Table 12 also shows a composition of anodizing solution, the initial voltage, and the final voltage (also shown is a 
55 voltage value kept constant for an arbitrary period during anodizing.). 

Repeating the gas corrosion test and the plasma irradiation test conducted in Example 11, the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are shown in Table 12. 
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As is obvious from the results shown in Table 12, the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
13, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
55 exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 13 

As shown in Table 13, various aluminum alloy plates were provided with an anodic oxide coating having different 
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structure from each other by applying electrolytic voltage of various patterns shown in FIGs. 4 and 5. These aluminum 
alloy plates were used as test pieces. 

In order to evaluate the corrosion resistance to a halogen-containing gas of the test pieces, a gas corrosion test 
was conducted by using 5% of mixed gas of CI and Ar at a temperature of 350°C for 4 hours. Upon completion of the 
5 test, the appearance of test pieces was evaluated under the following standards. 

(gas corrosion test) 

© : No corrosion was generated. 

io Q : Corrosion was generated in an area of less than 5% of test piece. 

l : Corrosion was generated in an area in the range between 5% or more and less than 10% of test piece. 

X : Corrosion was generated in an area of 10% or more of test piece. 

in addition, in order to evaluate the resistance to plasma of the last pieces, a chlorine plasma irradiation lest was 
15 conducted under the low bias for 1 00 minutes. Upon completion of Ihe test, the etched depth of the test pieces was 
measured and evaluated their resistance to plasma repeating the process of Example 1 1 . 
Test results of the gas corrosion test and the plasma irradiation test are shown in Table 13. 
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As is obvious from the results shown in Table 13, the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
13, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
5 exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 14 

As shown in Table 14, various aluminum alloy plates were provided with an anodic oxide coating having different 
10 structure from each other by applying electrolytic voltage of various patterns shown in FIGs. 6 and 7. These aluminum 
alloy plates were used as test pieces. 

Repeating the gas corrosion test and the plasma irradiation test conducted in Example 13, the test pieces were 
tested to evaluate their resistance to gas corrosion and plasma. The test results are shown in Table 14. 
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As is obvious from the results shown in Table 1 4, the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
55 13. corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 
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EXAMPLE 15 

As shown in Table 15, various aluminum alloy plates were subjected to a porous-type anodizing and/or a non- 
porous type anodizing to be provided with an anodic oxide coating having different structure from each other. These alu- 
minum alloy plates were used as test pieces. Table 15 also shows the structures of each porous layer and each barrier 
layer and kinds of electrolytic solutions used for anodizing. 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
was conducted by using 5% of mixed gas of Cl 2 and Ar at a temperature of 350 C C for 4 hours. Upon completion of the 
test, the appearance of test pieces was evaluated under the following standards. 

(gas corrosion test) 



O : No corrosion was generated. 

£ : Corrosion was generated in an area of less than 5% of test piece. 
is X : Corrosion was generated in an area of 5% or more of test piec<i. 

In addition, in order to evaluate the resistance to plasma of the test pieces, a chlorine plasma irradiation test was 
conducted under the low bias for 90 minutes. Upon completion of the test, the etched depth of the test pieces was 
measured and evaluated under the following standards. 



{plasma irradiation test) 



O : Test piece was etched in a depth of less than 2 nm. 

a : Test piece was etched in a depth in the range between 2 or more and less than 5 pm. 
25 X: Test piece was etched in a depth of Sjimormore. 

The results of the gas corrosion test and the plasma irradiation test are shown in Table 15. 
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B: boric acid+ammonium borate f: potassium hydrogen phthalate 
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where numbers in ( ) indicate pore diameter (unit* nm). 
35 Marks indicate that the structure of porous layer is different between at the top and at the bottom, 

(iii) For eiaaple, '5(15) — S/5(30) -O' of test piece No. 2 indicates: 

top of porous layer; thickness of 5 m * (pore diameter of lanrri) — anodi2ing solution : sulfuric acid 
bottoa of porous layer ; thickness of 5 n ■ (pore diaaeter of 30nm) —anodizing solution : oxalic acid 



As is obvious from the results shown in Table 1 , the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
12, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 

45 

EXAMPLE 16 

As shown in Table 16, various aluminum alloy plates were subjected to a porous-type anodizing by applying an 
electrolytic voltage of various patterns shown in FIGs. 6 and 7, and then were subjected to a non-porous type anodizing. 
so These aluminum alloy plates were used as test pieces. Table 1 6 also shows kinds of electrolytic solutions and an ano- 
dizing voltage used lor the porous-type anodizing and the non-porous anodizing. 

The resistance to gas corrosion and plasma of test pieces were evaluated repeating the process conducted in 
Example 15. The test results are shown in Table 16. 

55 
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As is obvious from the results shown in Table 16, the test pieces Nos. 1 to 8, satisfying the conditions of the present 
invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces Nos. 9 to 
40 13, corresponding to the comparative examples and not satisfying one or more conditions of the present invention, 
exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 17 

45 As shown in Table 17, various aluminum alloy plates were used as test pieces, which had a composition satisfying 
the requirements of Japanese Industrial Standard. The aluminum alloy plates were dissolved in the atmosphere and 
casted at a rate of 1 °C/sec. The resultant was then annealed for homogenization at 480°C for 4 hours, and after that, 
was subjected to hot extrusion or hot rolling at 450°C. The reduction rate of thickness by hot rolling was 80% and the 
extrusion ratio of the hot extrusion was 4. 

so Using a scanning electron microscope, a cross section of the test pieces was observed to obtain an average diam- 
eter of precipitates and/or deposits. The test pieces were subjected to image analysis to calculate their volumetric pro- 
portion. An average diameter, a volumetric proportion, and an arrangement direction of precipitates and/or deposits are 
shown in Tables 17 and 18. In Example 17, an arrangement direction indicates the direction along which precipitates 
and/or deposits are arranged with respect to the largest area of test piece to which the gas corrosion resistance test 

55 and the plasma resistance test were conducted. 

(gas corrosion test) 

In order to evaluate the corrosion resistance to a halogen-containing gas for the test pieces, a gas corrosion test 
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was conducted by using 5% of mixed gas of Cl 2 and Ar at a temperature of 130°C for 1 hour. Upon completion of the 
test, the maximum depth of the chlorine penetration of the test pieces was measured and evaluated under the following 
standards. 

5 @ : Test piece was penetrated by chlorine in a depth of less than 30 urn at maximum. 

O : Test piece was penetrated by chlorine in a depth in the range between 30 urn or more and less than 50 urn. 
a : Test piece was penetrated by chlorine in a depth in the range between 50 \xrr\ or more and less than 1 00 urn 
X : Test piece was penetrated by chlorine in a depth of 100 jam or more. 

io (plasma resistance test ) 

In addition, in order to evaluate the resistance to plasma of the test pieces, a chlorine plasma irradiation test was 
conducted under the low bias for 15 minutes. Upon completion of the test, the maximum depth of the chlorine penetra- 
tion of the test pieces was measured and evaluated under the same standards as those used for the gas resistance 
75 test. 

The results of the gas corrosion test and the plasma irradiation test are shown in Tables 17 and 18. 
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Table 17 
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Example 
of 

present 
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2/1.0 
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Table 18 
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As is obvious from the results shown in Tables 17 and 18, the test pieces Nos. 1 to 17, satisfying the conditions of 
30 the present invention, exhibited the excellent resistance to gas corrosion and plasma. On the other hand, the test pieces 
Nos. 18 to 25, corresponding to the comparative examples and not satisfying one or more conditions of the present 
invention, exhibited the insufficient resistance to gas corrosion and/or plasma. 

EXAMPLE 1 a 

35 

As shown in Table 19, various aluminum alloy plates were subjected to surface treatment. These aluminum alloy 
plates were used as test pieces. In Example 18, a corrosion test was conducted under the conditions more severe than 
those used in Example 17, and the resistance to gas corrosion and plasma of the test pieces was evaluated. 

40 (gas corrosion test) 

In order to evaluate the corrosion resistance to a halogen-containing gas of the test pieces, a gas corrosion test 
was conducted by using 5% of mixed gas of Cl 2 and Ar at a temperature of 350°C for 4 hours. Upon completion of the 
test, the corroded area of test pieces was measured and evaluated under the following standards. 

45 

@ : Corrosion was generated in an area of less than 5%. 

O : Corrosion was generated in an area in the range between 5% or more and less than 10% of test piece. 
a : Corrosion was generated in an area in the range between 10% or more and less than 20% of test piece. 
X : Corrosion was generated in an area of 20% or more of test piece. 

so 

(plasma irradiation test) 

In order to evaluate the resistance to plasma of the test pieces, a chlorine plasma irradiation test was conducted 
under the low bias. 15 minutes of plasma irradiation was repeated 6 times at 5 minute intervals. Upon completion of the 
£5 test, the corroded area of the test pieces was measured and evaluated under the same standards as those used for gas 
corrosion test. 

The results of the gas corrosion test and the plasma irradiation test are shown in Table 19. 
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Table 19 
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As shown in Table 19. the test pieces a of Nos. 1 to 5 had precipitates and/or deposits having an average diameter 
45 of 10 urn or less and being arranged in parallel with the largest surface thereof. The test pieces b of Nos. 1 to 5 had 
precipitates and/or deposits having an average diameter of 10 urn or less and being arranged in perpendicular to the 
largest surface thereof. The test pieces c. of Nos. 1 to 5 had precipitates and/or deposits either of which had an average 
diameter of more than 10 urn, but both of which were arranged in parallel with the largest surface thereof. All of the test 
pieces a to d of Nos. 1 to 5 exhibited the excellent resistance to gas corrosion and plasma. Contrary to this, the test 
so pieces d of Nos. 1 to 5, corresponding to the comparative examples and not satisfying the conditions of the present 
invention, exhibited the insufficient resistance to gas corrosion and/or plasma. 

INDUSTRIAL APPLICABILITY 

55 As has been described above, the first and second inventions provide a vacuum chamber made of aluminum or its 
alloy having remarkably enhanced resistance to gas corrosion and plasma, and a surface treatment method for the vac- 
uum chamber. The third invention provides the aluminum alloy material for the vacuum chamber to achieve excellent 
resistance to gas corrosion and plasma. 
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Claims 

1. A vacuum chamber or chamber part made of aluminum or aluminum alloys comprising an anodic oxide coating 
including a porous layer having a number of pores and a barrier layer without pores, the pores having an opening 

5 on a surface of the chamber or chamber part, the diameter of the pore being smaller at a top thereof than at a bot- 
tom thereof. 

2. A vacuum chamber or chamber part made of aluminum or aluminum alloys according to claim 1 , wherein the pore 
in the porous layer has a section in a depth direction thereof where its diameter continuously changes. 

■to 

3. A vacuum chamber or chamber part made of aluminum or aluminum alloys according to claim 1 or 2, wherein the 
pore in the porous layer has a section in a depth direction thereof where its diameter discontinuously changes. 

4. A vacuum chamber or chamber part made of aluminum or aluminum alloys according to claim 2 or 3, wherein the 
15 pore in the porous layer has a section in a depth direction thereof where its diameter remains constant. 

5. A vacuum chamber or chamber part made of aluminum or its alloys according to any one of claims 1 to 4, wherein 
the anodic oxide coating contains two or more elements selected from a group consisting of carbon, sulfur, nitro- 
gen, phosphorus, fluorine and boron. 

20 

6. A vacuum chamber or chamber part made of aluminum or aluminum alloys according to any one of claims 1 to 5, 
wherein a base material contains particles such as precipitates and/or deposits having a diameter of 1 0 urn or less 
in average. 

25 7. A vacuum chamber or chamber part made of aluminum or its alloys according to any of claims 1 to 5, wherein the 
particles such as precipitates and/or deposits are arranged in parallel with a largest surface of the base material. 

8. A vacuum chamber or chamber part made of aluminum or its alloys according to any of claims 1 to 5, wherein the 
base material contains the particles such as precipitates and/or deposits having a diameter of 10 urn or less in 

30 average, and the precipitates and/or deposits are arranged in parallel with a largest surface of the base material. 

9. A method for anodizing a surface of a vacuum chamber made of aluminum or aluminum alloys, wherein a final ano- 
dizing voltage is set to be higher than an initial anodizing voltage. 

35 1 0. A method according to claim 9, wherein the anodizing voltage is continuously changed for an arbitrary period. 

11. A method according to claim 9 or 10, wherein the anodizing voltage is discontinuously changed for an arbitrary 
period. 

40 12. A method according to claim 10 or 1 1 , wherein the anodizing voltage is kept constant for an arbitrary period. 

13. A method according to any one of claims 9 to 12, wherein the initial anodizing voltage is 50V or less. 

14. A method according to any one of claims 9 to 13, wherein the final anodizing voltage is 30V or more. 

45 

15. A method according to any one of claims 9 to 14, wherein an oxalic acid solution is used as an anodizing solution, 
1 gram or more of oxalic acid being contained per 1 liter of solution. 

1 6. A method according to claim 1 5, wherein one or more elements selected from a group consisting of sulfur, nitrogen, 
so phosphorus, fluorine and boron are added to the anodizing solution. 

17. A method for anodizing a vacuum chamber and chamber parts made of aluminum or aluminum alloys to form an 
anodic oxide coating including a porous layer having a number of pores and a barrier layer having no pores, the 
method comprises a step of performing a porous-type anodizing and a step of performing a non-porous anodizing, 

55 and the non-porous anodizing is performed after the completion of the porous-type anodizing. 

18. A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
claim 17, wherein a final porous-type anodizing voltage is set to be higher than an initial porous-type anodizing volt- 
age. 
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1 9. A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
claim 1 7 or 18, wherein a porous-type anodizing voltage is continuously changed for an arbitrary period. 

20. A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
5 claim 1 8, wherein a porous-type anodizing voltage is discontinuously changed for an arbitrary period. 

21 . A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
claim 18, wherein a porous-type anodizing voltage is continuously changed for an arbitrary period in the entire 
porous-type anodizing process, and is discontinuously changed for the other arbitrary period. 

10 

22. A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
any one of claims 1 8 to 21 , wherein the initial porous-type anodizing voltage is 50V or less. 

23. A surface treatment for a vacuum chamber and chamber parts made of aluminum or aluminum alloys according to 
is any one of claims 1 8 to 22, wherein the final porous-type anodizing voltage is 30 V or more. 

24. A material used for manufacturing a vacuum chamber and chamber parts made of an aluminum alloys, wherein 
precipitates and/or deposits have a diameter of 10 urn or less in average, thereby giving excellent resistance to gas 
corrosion and plasma. 

20 

25. A material used for manufacturing a vacuum chamber and chamber parts made of an aluminum alloys, wherein 
precipitates and/or deposits are arranged in parallel with a largest surface of the base, thereby giving excellent 
resistance to gas corrosion and plasma. 

25 26. A material used for manufacturing a vacuum chamber and chamber parts made of aluminum alloys, wherein pre- 
cipitates and/or deposits have a diameter of 10 urn or less in average, and at the same time, the precipitates and/or 
deposits are arranged in parallel with a largest surface of the base, thereby giving excellent resistance to gas cor- 
rosion and plasma. 

30 27. A material used lor manufacturing a vacuum chamber and chamber parts according to any one of claims 24 to 26, 
wherein the volumetric proportion of the precipitates and/or the deposits is 2% or less. 



XXID: <EP 0792951A1_I_> 



40 



EP 0 792 951 A1 




41 



EP 0 792 951 A1 



FIG. 3 
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FIG. 4 
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FIG. 6 
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